Illegal drug use has caused considerable health and social costs. Access to medical treatment has been one of the most cost-effective interventions to reduce problematic drug use. Accessibility to treatment, which can be analyzed by the spatial approach such as geographic information system (GIS), has thus been utilized as a measure of the proportion of population that reaches appropriate health services. In this study, the association of accessibility coverage to medical facilities and socioeconomic status with human immunodeficiency virus (HIV) risk for heroin users was evaluated by GIS analysis in Kaohsiung, Taiwan. Data of 7890 heroin users were collected from 2011 to 2015 and categorized into five risk groups according to their income and distance to treatment settings. The results of this GIS-based analysis show that the areas with over 50% accessibility coverage rate had less amounts of HIV cases with statistical significance. Inconvenient access to medical facilities could result in poor treatment outcomes such as higher HIV incidences. Therefore, in order to effectively reduce HIV incidences among the heroin users, the accessibility coverage and locations of medical treatment facilities should meet the needs of drug users.
It is also advised that the formulation of policies associated with illegal drug use problems should be evidence-based and geographical indicators could serve for this purpose from either prevention or intervention perspective. In Taiwan, heroin and methamphetamine have been the predominant illicit drugs since 1990s, with an increasing trend of illegal ketamine use. 2, 4 Since 2005, due to the escalating HIV incidences among the injection drug users, the national harm reduction program (HRP) was implemented. 5 The measures of HRP mainly included methadone maintenance treatment program (MMTP) and needle exchange program (NEP). 6, 7 We have previously shown that education and HIV testing were essential for the effective HIV control among injecting heroin users. 5 However, the factors contributing to such outcomes other than education remain to be scrutinized, especially at the local levels. 8 The accessibility in the geographical dimensions is usually analyzed by the spatial approach such as geographic information system (GIS). In a previous research, addiction treatment was regarded as one of the most cost-effective interventions to reduce problematic substance use, 9 and treatment completion in therapeutic communities was the most important factor in reducing illegal drug use. 10 They also found one variable correlate to treatment retention was the distance traveled to the medical facilities. 10 In Taiwan 
| Data management
In order to have more accurate evaluation, preprocessing was performed before analysis:
1. The first step was to exclude the unclear, missing, or incomplete residence addresses such as address information with no house number from original data. If the data with the street name and house number, but no district name, they were checked and cor-treatment facilities in each district varied fairly, the amount of heroin users covered needed to be adjusted and the average amount of heroin users covered by one treatment facility by district was calculated. 21 Amount of individuals covered within a accessible region in a district Total amount of individuals in that corresponding district × 100%
| Ethics approval and consent to participate
The 
| RESULTS
In order to learn the influence of environment and socioeconomic status, the population in 15 to 64 years, the amount of arrests related to drug use, and the percentage of low income were selected as indicators to illustrate the risk level in each district. The spatial analysis was thus carried out and the results are shown by district reclassification and shortest distance and accessibility coverage.
| Spatial analysis

| District reclassification
The risk and socioeconomic factors were taken into account by reclassifying the districts of Kaohsiung city in this study. According to the United Nations Office on Drugs and Crime (UNODC) report, the age of predominant population with drug problems was 15 to 64 years old. Based on the expected treatment outcome scale (ETOS), 22 the factors, including proportion (percentage) of low-income households and amount of arrests, were also evaluated. The average value of each indicator from 2011 to 2015 was calculated and then scored by quintile. In our study, we derived the data via ArcGIS. The average value was reclassified by a scoring system from 1 to 5 based on the quintile where 5 stood for maximum vulnerability. 22 The population in 15 to 64 years old was the major drug user group, and then each area was reclassified with the score from 1 to 5 based on the average value of 15 to 64 years old people in a decreasing order. The score of each indicator was summarized in Table 1 .
Thirty-eight districts in Kaohsiung city were then reclassified into five areas based on risk factor scores (Table 1) 
| The shortest distance and accessibility coverage
Locations of heroin users' residence (N = 8267), treatment facilities (N = 18), and NEP spots (N = 93) were geocoded via TGOS and mapped by ArcGIS. Individuals living closer to the facility were considered to have greater accessibility to medical treatment than ones were farther from it. Therefore, the shortest distance between heroin users and medical facilities was calculated to measure whether the locations of medical facilities were barriers for access treatment in our previous study. 23 We found that the drug users were distributed mainly in the metropolitan regions, and the minimum distances 21 We assumed that an individual's maximum walking time was 30 minutes, and then adopt 1.5 km as radius to create buffers for each treatment facilities to determine accessible region in our study.
| Heroin users and medical facilities
A total of 8267 reported subjects with heroin use were included in our study, and the male-to-female ratio was around 6.4:1. There were 18 methadone treatment facilities and 93 needle and syringe exchange sites in Kaohsiung city. As illustrated in Figure 2 , it was found that the allocation of medical treatment facilities was uneven especially in some areas there were even no MMTP. However, we tried to calculate the distances between heroin users and medical facilities to assess how long clients would take to access the treatment. The distance (Mean ± SD) between clients and methadone treatment facilities was 3.671 ± 3.731 km, and 1.319 ± 1.219 km between needle/syringe exchange sites. If we considered methadone treatment facilities and needle/syringe exchange sites simultaneously, the distance between clients and medical facilities was 1.251 ± 1.2 km. Although the results showed access to medical services for heroin users was convenient in Kaohsiung city, the accessibility coverage of MMTP seemed insufficient in some areas.
| Accessibility coverage and HIV
After the 1.5 km radius buffers were created for methadone treatment facilities and needle/syringe exchange sites, respectively ( Figure 3A ,B) to determine accessible region, heroin users geographically covered by medical treatment facilities were calculated in each district according to the formulation defined in this study.
Because in some districts there may be more than one facility, and we assume one user accessed one facility, therefore the amount of heroin users covered in each district was adjusted, and then we explored the accessibility coverage rate in each district.
In Kaohsiung city, the average coverage rate was around 51.26%.
The result indicated the approachable medical services for heroin users.
It is known that injecting drug users had higher risks with transmissible diseases such as HIV, other blood-borne or sexual transmitted Table 3 , a significant difference (P = 0.0143) was found. The amount of HIV cases in the districts with less than 50% accessibility coverage rate was much higher than those in the districts with over 50% accessibility coverage rate. 
| Indicators for drug use prevention and intervention
Illegal drug use is a complicated and multifaceted issue, and many factors would affect the effectiveness in either prevention or treatment.
According to the ETOS, 22 many variables, such as age, physical/social environment (neighborhood), amount of arrests in the past year, and family support etc., may present the characteristics and life experiences of individuals to contribute to drug use. There may be still other factors in relation to various geography, culture, and customs in different regions. In this study, we only took three variables into account, that is, age, arrests, and percent of low-income population, for the sake of data availability. Some physical and social characteristics of living environment and neighborhoods had been identified as the strong predictors of behavior in substance use and mental health outcomes. 24, 25 However, the environmental and social context of illicit drug use is a complex situation that requires multilevel perspectives. 26 Living in a disorganized neighborhood with high rates of poverty and single parent families were related to higher rates of failure recovery. 27, 28 The study conducted in Vancouver found that poorest neighborhood, extreme poverty, high crime, homelessness, and poor housing were associated with high rates of alcohol and drug abuse.
Researchers also found that living in unstable housing is often a predictor for syringe sharing. 29, 30 In this study, therefore, the association of accessibility coverage to medical facilities and socioeconomic status with human immunodeficiency virus (HIV) risk was evaluated by collecting data of 7890 heroin users who were categorized into five risk groups according to their income and distance to treatment settings.
In the future, it may be necessary to set up a series of comprehensive indicators not only to have more detailed information of drug users but also to assess the effectiveness and efficiency of prevention policies and intervention treatment.
| Application of GIS on illegal drug use problems
From our GIS-based analysis maps, it can be found that the highdegree of spatial aggregation phenomenon for heroin users in the metropolitan and urban areas, especially in the west-south regions of Kaohsiung city due to its high population density. However, it was also found that heroin users clustered in some remote or marginal regions. It may be due to their geographic locations such as proximity to harbors for easy access to drugs or simply clandestine enough to avoid from being arrested. In this study, we further demonstrated the amount and distribution of medical facilities for heroin users. If GIS could be utilized to integrate relevant data, including drug users and HIV individuals' locations, precise arrested addresses, the distribution of medical facilities, the flow direction of drugs, the current prevalence and the future trend of drugs, and the allocation of medical sources, the epidemic of HIV could be precisely identified and suitably controlled.
Literatures have shown that the clients who traveled less than one mile attending to treatment program would be more likely to complete the program than those who travel longer distance. 10 Similarly, a previous study in 1995 also indicated that alcoholics were less likely to participate in aftercare treatment if they lived further away from the treatment program. 31 Among HIV-positive persons in the US, when transportation was provided, there would be higher participation rate in substance use and mental health treatment programs. 32 It was found in
Philadelphia that the higher density of self-help groups for drug users or alcoholism, the lower likelihood of patients with comorbid mental health and substance use disorders under continuing treatment. 33 In 2010, Wong et al. 34 collected data via questionnaires in specific areas of Hong Kong to explore the relationship between the distances from heroin users' residents to methadone treatment clinics based on geographic analysis. They illustrated the clinics should be situated in the center of the city for convenient purposes, and revealed the location of clinics was crucial for guaranteeing effective maintenance. Inconvenient access to medical facilities would also influence adolescents' drug use behaviors to have higher probability to initiate drug use. 9 Therefore, in order to have maximum effectiveness, the locations of medical treatment facilities should meet with the needs of drug users. Unfortunately, some of the data formats were diversified and incompatible for integration among different data systems. In addition, some data of heroin users' addresses were incomplete or missing. The inaccuracy of spatial data could affect the results in geographical analysis.
For the cause, it was imperative to re-confirm the different data definition, double check the data integrity and correct the errors or supplement missing content. With such time-consuming efforts, the format of data associated with drug use in each monitor system could be harmonized.
Another limitation was the restriction imposed by the Act of Personal Data Protection. It was therefore difficult, if not impossible, to obtain the treatment data of individual drug user. But thanks to previous researches, we could understand the key impact factors contributing to the effectiveness of medical treatment, which involved at least compliance of complete treatment regimens by the clients, and the distances traveled to the treatment facilities. 24 Accordingly, we explored the relationship between the amount of HIV cases and the accessibility coverage rate of medical facilities in each area as assessment indicator.
Despite these potential limitations, our study would still illustrate the spatial distribution of heroin users and medical facilities via GISbased approach. Our results indicated the areas with over 50% accessibility coverage rate had fewer HIV cases with statistical significance, implying that improvement of accessibility coverage rate of medical facilities was critical to reduce the amount of HIV cases among heroin users. Inconvenient access to medical facilities could result in poor treatment outcomes such as higher HIV incidences. Therefore, in order to effectively reduce HIV incidences among the heroin users, the accessibility coverage and locations of medical treatment facilities should meet the needs of drug users.
GIS has been applied for drug policy research in recent years.
From either prevention or intervention perspective, the formulation of drug policies could be more solid and evidence-based with geographical indicators.
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